Abstract-We present a new scheme for all optical multi-wavelengths switching and filtering using photorefractive materials to route optical signals without converting to electronic state. For this purpose the photorefractive effect which is a nonlinear optical effect seen in certain crystals and other materials that respond to light by altering their refractive index is used. When a photorefractive material is illuminated by patterned command light of intensity I(x), a dynamic superimposed Bragg grating can be obtained which is used for optical multi-wavelength switching and filtering purposes.
INTRODUCTION
Fast modulation and switching of optical signals are important functions in optical communication systems. Up to now, the switching burden in such systems has been laid almost entirely on electronics. In every switching node, optical signals are converted to electrical form (O/E conversion), buffered electronically, and subsequently forwarded to their next hop after being converted to optical form again (E/O conversion). Electronic switching is a mature and sophisticated technology that has been studied extensively. However, as the network capacity increases, electronic switching nodes seem unable to keep up. Apart from that, electronic equipment is strongly dependent on the data rate and protocol, and thus, any system upgrade results in the addition and/or replacement of electronic switching equipment. If optical signals could be switched without conversion to electrical form, both of these drawbacks would be eliminated. This is the promise of optical switching. Some of the most popular applications of optical switches consist of optical cross-connects [1] , optical Add/Drop multiplexing [2] , optical signal monitoring [3] , optical signal processing tasks [4] [5] [6] . Many schemes have been suggested for all optical switching, for example by using nonlinear loop mirror [7] , nonlinear directional coupler [8] , Liquid-crystal optical switches [9, 10] , Semiconductor Optical Amplifier Switches (SOAs) [1, 11] and nonlinear grating [12] . In some of theses designs, such as SOAs or electro-optic switches still need electronic devices to operate.
Photorefractive crystals are materials in which the local refractive index is slightly changed by spatially modulated light intensity. Thus, photorefractive crystals can be used as an active or a passive optical element in optical information processing, optical communication and optical storage [13] . Photorefractive materials exhibit photoconductive and electro-optic behavior, and have the ability to detect the store spatial distributions of optical intensity in the form of spatial patterns of altered of refractive index [14] . When a photorefractive material is exposed to light, free charge carriers (electrons or holes) are generated by excitation from impurity energy levels to an energy band, at a rate proportional to the optical power. These carriers then diffuse away from the positions of high intensity where they were generated, leaving behind fixed charges of the opposite sign. The result is the creation of an inhomogeneous space-charge distribution that can remain in a period of time after the light is removed. This charge distribution creates an internal electric field pattern that modulates the local refractive index of the material by virtue of the (Pockels) electro-optic effect [15] . With the diffracted intensity of command beams applied to photorefractive material, dynamic Bragg grating can be realized. Diffracted intensity of command beams switches optical signals with modulating Bragg condition and refractive index.
Organization of the paper is as follows. In Section 2 theory of photorefractive effect is explained. Optical and electrical properties of photorefractive materials are presented in Section 3. Mathematical background for introducing optical switching using photorefractive materials is presented in Section 4. In Section 5 simulation results are illustrated. Finally the paper ends with a short conclusion.
THEORY OF PHOTOREFRACTIVE EFFECT
Absorption of a photon at position x can removes an electron from the donor level to the conduction band. The rate of photo ionization G(x) is proportional both to the optical intensity and to the density of unionized donors. Thus
where N D , N + D and s are density of donors, density of ionized donors and a constant known as the photoionization cross section respectively. Since nonuniform optical intensity I(x) is applied to photorefractive media, thus generated and excited electrons will be nonuniform n(x). As a result, electrons diffuse from locations of high concentrations to locations of low concentration. The electrons recombine at a rate R(x) proportional to their density n(x), and to the density of ionized donors
where γ R is a constant.
In equilibrium condition the rate of recombination must equal the rate of photoionization,
Each photogenerated electron leaves behind a positive ionic charge. When the electron is trapped (recombines), its negative charge is deposited at a different site. As a result, a nonuniform space-charge distribution is formed. This nonuniform space charge generates a position-dependent electric field E(x), which may be determined by observing that in steady state the drift and diffusion electric-current densities must be equal magnitude and opposite sign, so that total current density vanishes,
where µ e is electron mobility, K B is Boltzmann's constant, and T is the temperature. Thus
Since the material is electro-optic, the internal electric field E(x) locally modifies the refractive index in accordance with
where n and r are the appropriate values of refractive index and electrooptic coefficient for the material respectively. Relation between the incident light intensity I(x) and the resultant refractive index change ∆n(x) may readily be obtained if we assume that the ratio ( (3) is approximately constant and independent of x. In that case n(x) is proportional to I(x), so that gives
Finally, substituting this into Eq. (6), provides an expression for the position-dependent refractive index change as a function of intensity,
So, using Eq. (8) and introducing appropriate position dependent light intensity, desired dynamic Bragg Grating can be obtained.
PHOTOREFRACTIVE MATERIALS
The photorefractive effect is a macroscopic phenomenon. The formation of a grating with significant efficiency requires the excitation and transport of a large number of charge carriers. Because of the need to absorb photons and to create carriers, the speed of the photorefractive effect is fundamentally limited by the rate of photon arrival. The photon-limited time for the index grating is [16] 
where hυ, I, γ, η, α p and Q are photon energy, intensity of the light, coupling constant, quantum efficiency, photoexcitation absorption coefficient and figure-of-merit for photorefractive material respectively. Note that the time constant is directly proportional to the coupling constant and is inversely proportional to the light intensity. Due to its excellent photorefractive properties, Lithium Niobate (LiN bO 3 ) has extensive applications in optical computing, image processing, phase conjugation and laser harden. Appropriate doped F e:LiN bO 3 crystal with high diffractive efficiency and high sensitivity becomes the most promising candidate for digital data holographic storage application [17, 18] [19, 20] . Compared with F e:LiN bO 3 crystal, concentration decreasing of N bLi +4 in Zn:F e:LiN bO 3 crystal improves the ability of optical damage resistance and shortens the response time [21, 22] . Furthermore, the reduction treatment on the Zn:F e:LiN bO 3 changes the concentrations of F e +2 , F e +3 and [NvLi] +4 and improves its photorefractive properties [23, 24] . Potassium Niobate (KNbO3) is a well-known electro-optic material, which when doped with impurities that act as donors and acceptors the crystal becomes photorefractive [15, 25, 26] . It should mention that t is time constant by using Eq. (9) and assuming a quantum efficiency of 100% and incident intensity 1 W/cm 2 .
Also, numbers of electro-optic polymers have been investigated to fabricate a high performance light modulator due to their advantages, such as large optical nonlinearity, fast response time, and low dielectric constants [27] [28] [29] [30] [31] . However several problems with electrooptic polymers remain such as unstable optical nonlinearity, insufficient transparency, weak mechanical properties, and controllability of refractive index. Extensive researches are continued about electrooptic crystals and polymers.
MATHEMATICAL BACKGROUND
For Dynamic Photorefractive Bragg grating the following proposal is considered. In this figure a thick substrate and a thin photorefractive material considered as optical switches and filters. In the proposed structure, when the photorefractive material is illuminated by command light of intensity I(x), predefined wavelength reflected back from the structure. Command light modifies the reflection coefficient and Bragg wavelength by its distribution intensity. For this structure the index of refraction generally can be explained as follows.
n(x) = n ave + ∆n(x) (10) Figure 1 . Schematic of the proposed photorefractive Bragg grating optical switch.
To analyze this structure, we divided it into N sections. Each section is considered homogenous. The approximated multilayer dielectric structure is described by
where n l is the refractive index of lth layer, x l is the position of the interface between the lth layer and the (l+1)th layer, n s is the substrate index of refraction and n 0 is refractive index of the incident medium respectively. The layer thicknesses d i are L/N , where L is the length of the grating.
The electric field of a general plane-wave solution of the wave equation can be written as:
where the electric field distribution E(x) can be written as: (14) where k lx is the x component of wave vectors and given as follows:
and is related to the ray angle θ l by:
The electric field E(x) consists of a right and left-traveling waves and can be defined by:
where ±k l x, R and L are constants in homogenous layer. E(x) is a continuous function of x. If we represent two amplitudes of E(x) as column vectors, the column vectors are related by:
where A l and B l represent the amplitude of plane waves at interface x = x l and D l is dynamical matrix described by:
where θ α is the ray angle in each layer. P l is propagation matrix and defined by:
The relation between A 0 , B 0 and A s , B s (or A N +1 , B N +1 ) can be determined by:
With the matrix given by:
This approach named Transfer Matrix Method (TMM) [32] . If the light is incident from medium 0, the reflection coefficient is defined as:
Similarly, the transmission coefficient is:
Using matrix equation (14) and definitions (15), (16), we obtain: (27) and
Also, the energy reflectance in the case of lossless medium is given by:
SIMULATION RESULTS AND DISCUSSION
All processes now use UV laser beams and side writing, the most popular one is described in Figure 2 . The beam is focused onto the fiber through a pair of cylindrical lenses which shape the beam to a cross section of 15 × 0.3 mm 2 oriented along the length of the fiber. A second type of writing method is derived from photolithography using a phase mask made of silica glass (non-absorbing UV light). An excimer laser beam at normal incidence is modulated spatially by a phase mask grating. The diffracted light which forms a periodic, high contrast intensity pattern with half the phase mask grating pitch, photo imprints a refractive index modulation into the core of a photosensitive fiber placed behind, closely and parallel to the mask. We consider an intensity distribution in the form of sinusoidal grating of period Λ, contrast m, and mean intensity I 0 , (7) and Eq. (8), we obtain the internal electric field and refractive index distributions as follows,
where E Max = 2π(k B T /eΛ)m and ∆n Max = 1 2 n 3 rE Max are the maximum values of E(x) and ∆n(x), respectively. ∆n Max and E Max for some photorefractive crystals are calculated in Table 2 . Fig. 4 shows how the contrast of command light modulates ∆n(x) and dynamic Bragg grating is realized.
Optical switching in dynamic Bragg grating schematically for typical parameters is depicted in Fig. 5 . Since command light contrast 
